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doi:10.1016/j.jtcvs.2006.10.042bjective: Air leakage after pulmonary lobectomy is a well-known problem often
ontributing to extended hospitalization. Many techniques have been proposed to
revent and treat air leakage, but none have been proved incontrovertibly effective.
e evaluated the role of an autologous blood patch after pulmonary lobectomy.
ethods: Twenty-five patients with air leaks on the sixth postoperative day after
obectomy were enrolled in this study. They were randomly assigned to 2 groups:
roup A (12 patients), with 50 mL of autologous blood infused in the pleural cavity;
nd group B (13 patients), with 100 mL of blood infused. These 2 groups were
etrospectively compared with the last 15 patients showing the presence of air leaks
or at least 6 days (group C) (in this group the duration of leakage after the sixth
ostoperative day was compared). We recorded the duration of posttreatment air
eaks and hospitalization.
esults: Air leaks stopped 2.3  0.6 days after the procedure in group A, 1.5  0.6
ays after the procedure in group B, and after 6.3  3.7 days in group C. The air
eakage disappeared within 72 hours in all patients in groups A and B. There was
statistically significant difference in the duration of drainage between groups A
nd B (P  .005), groups A and C (P  .0009), and groups B and C (P  .0001),
howing the effectiveness of an autologous blood patch, particularly with 100 mL
f blood.
onclusions: Management of air leaks after lobectomy with an autologous blood
atch is easy, safe, and effective, and does not add costs. It may become the gold
tandard treatment early in the postoperative course.
ersistent air leak after lung resections is a well-known complication experi-
enced by all surgeons in the thoracic community. It is usually managed
conservatively with good results, but sometimes a more aggressive approach
ay be required; however, the length of hospitalization is usually negatively
ffected. Conservative approaches include a longer period of drainage; physiother-
py; pleurodesis with tetracycline, quinacrine, talcum, or silver nitrate; pneumo-
eritoneum; and the use of a Heimlich valve.1-7 All of these methods have produced
ncouraging results in selected settings or on a case-by-case basis, but none have
efinitively solved the problem.
An autologous blood patch has been reported to produce encouraging results in
atients with persistent air leakage.8-11 However, the real benefit of this method, the
mount of blood that should be infused in the pleural cavity, and the timing are still
ebated.11 We designed a prospective study to enroll patients with air leaks after
ulmonary lobectomy; the autologous blood patch was performed early during the
ostoperative course to prevent long-lasting air leaks. The outcome was analyzed
fter pleurodesis with 2 different amounts of autologous blood (“blood patch”) (50
L vs 100 mL) instilled through the chest tube(s).
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TSatients and Methods
wenty-five patients with persistent air leaks after pulmonary
obectomy were prospectively enrolled in this study. All patients
nderwent lobectomy for non–small cell cancer; they were ran-
omized into 2 groups. Both groups underwent pleurodesis with an
utologous blood patch; however, it was performed with 50 mL of
lood in group A (12 patients; age 68.5  6.9 years; 7 men/5
omen; forced expiratory volume in 1 second [FEV1] 2.5  0.8
/sec) and 100 mL of blood in group B (13 patients; 65.2  6.2
ears; 7 men/6 women; FEV1 2.4  0.9 L/sec). Before the blood
atch was performed, drainages were kept under moderate suction
10 mm Hg/20 mm Hg) or alternating suction to waterseal.
he procedure was always performed at the patient’s bedside and
ith the residual lobe completely expanded to be able to analyze
homogeneous group of patients. No particular analgesic tech-
ique was used. Blood was taken from a vein of the upper arm with
60-mL syringe and immediately instilled into the pleural cavity
hrough the chest tube(s); 2 instillations were required in group B
atients because the syringe had to be refilled once. At the end of
he procedure, the chest drainage was flushed with 20 mL of saline
o avoid clotting. After the instillation of blood, the chest tube was
eft unclamped and kept suspended over a drip stand 60 cm above
he patient’s chest; this provided a bend to allow air to exit but
revented blood from leaving the chest cavity.11 All patients
emained in bed for 40 minutes after pleurodesis; during this time
he position of the patients was changed, rolling from one side to
he other, to foster the homogeneous distribution of blood within the
leural cavity. After instillation of autologous blood, the drainage
as left watersealed without applying any suction.
Chest radiography was performed every day to confirm com-
lete expansion of the residual lobe. The presence of air leakage
as checked immediately after pleurodesis and every 12 hours
uring the following days until the air leak disappeared. The chest
ubes were withdrawn 24 hours after the disappearance of the air
eak, and the patients were subsequently discharged.
We compared the duration of blood patch, air leaks, and hos-
italization between the 2 groups with 1-way analysis of variance.
he results obtained in groups A and B were subsequently retro-
pectively compared with a series of 15 patients (group C; age
7  7.1 years; 9 men/6 women; FEV1 2.3  0.5 L/sec) who
howed the presence of air leaks on the sixth postoperative day
fter pulmonary lobectomy but did not receive any additional
reatment, with the exception of alternating suction and nonsuction
rainage; in this group the duration of leakage was obviously
ompared after the sixth postoperative day.
esults
roups A, B, and C were homogeneous for demographics
nd functional parameters. In group A we performed 4 right
pper lobectomies, 3 middle lobectomies, 2 left upper lo-
ectomies (histology: 5 adenocarcinomas and 4 squamous
Abbreviations and Acronyms
FEV1  forced expiratory volume in 1 secondell carcinomas); in group B we performed 4 right upper a
60 The Journal of Thoracic and Cardiovascular Surgery ● Marcobectomies, 1 middle lobectomy, 2 right lower lobecto-
ies, and 3 left upper lobectomies (histology: 6 adenocar-
inomas and 4 squamous cell carcinomas). In group C we
erformed 5 right upper lobectomies, 5 left upper lobecto-
ies, 3 middle lobectomies, and 1 left and 1 right lower
obectomy (histology: 8 adenocarcinomas, 6 squamous cell
arcinomas, and 1 mixed adenosquamous carcinoma). The
ir leakage stopped 2.3  0.6 days after the procedure in
roup A and 1.5  0.6 days after the procedure in group B
P  .005). In group C the air leakage disappeared 6.3 
.7 days after the sixth postoperative day. The difference
etween groups A and C and groups B and C was also
tatistically significant (P  .0009 and .0001, respectively).
he air leakage disappeared within 72 hours after pleurode-
is in all patients in groups A and B; however, in 8 of 12
atients (66.7%) in group A the air leak stopped within 24
ours, but it never disappeared immediately after the instil-
ation of blood; in the other 4 patients the leakage stopped
ithin 72 hours. In 8 of the 13 patients (61.5%) in group B
he air leak stopped either immediately (5 cases) or within
2 hours (3 cases); the air leak disappeared within 48 hours
4 patients) and 3 days (1 patient) in the remaining 3 cases.
The chest tube was withdrawn in all patients 24 hours
fter the air leak stopped, and after another 24 hours all
atients were discharged; for this reason the difference
etween these variables in the 3 groups was statistically
ignificant. We did not observe any infection of the pleural
avity, early or late side effects, or operative mortality.
lood withdrawal did not cause any significative modifica-
ion of the hemodynamics of the patients. In group C, 2
atients had atrial fibrillation and 1 patient had pneumonia
n the residual lobe.
iscussion
he presence of an air leakage after pulmonary lobectomy is
onsidered one of the most common problems in thoracic
urgery. Almost all air leaks originating from the periphery
f the lung stop within 24 to 48 hours from surgery, as soon
s the residual parenchyma completely fills the pleural
avity and gets in touch with the parietal pleura. However,
number of patients still experience a prolonged hospital-
zation because of the persistence of this problem. A pro-
onged air leak is considered to be one that persists beyond
he normal hospital stay (usually 5-7 days); it usually leads
o prolonged hospitalization and increased costs and mor-
idity.12 Economic pressures to reduce the length of hospi-
alization results in several strategies, including discharging
atients with air leaks and indwelling chest tubes, which
akes hospital discharge an artificial end point. Thus, the
nd point defining the “persistence” of an air leak should be
hen and not where it stops.
Upper lobectomies have a higher incidence of postoper-tive air leaks13 because an apical space often remains,
h 2007
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TSausing more difficult pleural synthesis and sealing. Persis-
ent air leaks are reported to complicate 25% of the upper
obectomies and are the only complication in 81% of these
atients.14 Rice and Kirby15 reported a 15.2% incidence of
ir leaks in a population of 197 patients undergoing major
ulmonary resections; however, the air leak persisted for
ore than 14 days in only 3 of the patients (1.5%). In a
eries of 674 lobectomies or lesser resections performed at
 Canadian hospitals16 the incidence of peripheral air leaks
as 4%. Nagasaki and colleagues17 reported a prolonged air
eak (7-20 days) occurring in 10 of 961 pulmonary resec-
ions for malignancy (1%), and all air leaks stopped
pontaneously. In a review of 369 lobectomies, Keagy and
olleagues18 reported 16 prolonged air leaks (4.3%). Sig-
ificant risk factors are male gender and larger forced vital
apacity (related to larger lungs with greater raw surfaces
fter lung resection), age and chronic obstructive pulmonary
isease or other underlying lung diseases, a lower predicted
EV1 and FEV1/forced vital capacity, and absence of inter-
obar fissures.15
Any tear in the residual lung parenchyma, either from
ggressive traction or adhesions, could lead to a significant
ostoperative leakage. Thus, dissection of pleural adhesions
nd fissures is the major source of air leak after lobectomy
r wedge resection. Intraoperative air leak prevention is the
ptimum approach. In particular, when the fissures are
ncomplete, direct dissection to connect them to the pulmo-
ary vessels is required; electrocautery,19 argon beam co-
gulation,20 laser,21 and stapling may be used. A recent
evelopment called “fissureless” surgery seems to be able to
ecrease the incidence of postoperative air leaks,22 avoiding
ny dissection in the fissure itself. The magnitude of the air
eak certainly has some bearing on persistence.23
Prevention of air leaks certainly begins in the operat-
ng room and requires meticulous surgical technique,
omplete expansion of the residual lung, and, if necessary,
eduction of the plural space with the creation of a pleural
ent24 and use of glues25 and reinforcement material on the
uture line.26 However, notwithstanding these well-known
ethods, some patients still have this complication; when it
ccurs, a number of procedures may be used to solve the
roblem. Conservative approaches include a longer period
f drainage; physiotherapy; pleurodesis with tetracycline,
uinacrine, talcum, or silver nitrate; pneumoperitoneum;
nd the use of a Heimlich valve.1-7 These methods have
roduced encouraging results in selected settings, but none
ave definitively solved the problem.
Pleurodesis with an autologous blood patch to treat a
ersistent air leak after pneumothorax was first reported by
obinson,8 who described an 85% success rate in a series of
5 patients receiving 1 to 3 instillations of 50 mL of blood
n the chest. These data were subsequently confirmed by
ther reports.9,10 The sealing effect of blood can be easily
The Journal of Thoracicxplained by the direct mechanical action of the fibrin
roduced by the patch and the inflammatory reaction result-
ng from the presence of blood in the pleural cavity, which
ay be the primary factor to induce adhesion between the
isceral and the parietal pleural layers. However, although
he effectiveness of this technique was evident, the amount
f blood required was debated (50-120 mL).11
With this technique, we obtained a 100% success rate in
ess than 24 hours in most of the patients, particularly when
00 mL of autologous blood was instilled; this result was
btained at a low cost and with no morbidity. There was no
ension within the chest caused by blood clotting because of
he technique we previously described (hooking the chest
rain[s] up over a drip-stand and allowing air to escape
hile the blood pleurodesis remained within the chest). The
hest tube was not occluded because it was flushed with
0 mL of normal saline to prevent this complication; this
llowed us to avoid the tension pneumothorax described by
ther authors.27 Other complications were reported by other
uthors, that is, fever and colonization of the pleural fluid,9
ut these were not observed in our study. Careful sterile
anipulation of the system during the procedure should be
tressed to avoid infectious complications.
Our study demonstrated the effectiveness of early pleu-
odesis with an autologous blood patch to treat air leaks
fter pulmonary lobectomy, with a clear advantage over a
onservative suction-waterseal approach, although the study
oses some strength with the retrospective analysis. Pleu-
odesis with 50 mL of blood is effective and allows closure
f postoperative air leaks in a short period of time. How-
ver, pleurodesis with 100 mL of blood increases effective-
ess and allows sealing in less than 24 hours in most of the
atients.
Pleurodesis with an autologous blood patch, which can
e included among common bedside surgical procedures, is
asy to perform, safe, and effective, and does not add costs.
t can be used as a first-line maneuver to solve this common
nd unpleasant problem.
We thank Dr Luca Voltolini from the University of Siena for
uggesting the use of this technique several years ago.
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